Abstract. Deformation of metallic materials results in dislocations occurrence and accumulation, with establishment of their definite distribution (dislocation substructure). The type of dislocation substructure (DSS) defines largely resistance to deformation and fracture of materials. Quantitatively the interrelation of DSSs and resistance to deformation are studied on a limited number of alloys. Foreign literature lacks studies referring to those issues. The given paper investigates the stress-strain dependences in Сu-Mn polycrystalline solid solutions. Mn concentration in the alloys varied within the range of 10…25 at.%. Polycrystals with 10 and 240 µm mean grain size were investigated. Deformation was applied by means of tension at the velocity of 2•10
Introduction
The processes of plastic deformation are usually characterized by the clearly defined stages of strain hardening [1] [2] [3] [4] . The staging of the dependency σ = f(ε true ) is identified from the mechanical testing. The number of stages of strain hardening and their duration depends on the type of polycrystalline aggregate, testing temperature and the deformation mechanisms.
The stages vary by the value of strain hardening coefficient
(σ -stress, ε truestrain), and by its dependence from ε true [1] . A number of alloys enabled to establish that initiation of each of the stages was conditioned by appearance of the new substructure in local areas with the increased dislocation density and presence of the prior substructure in the material bulk [5] . The critical dislocation density [6] in the grain bulk cannot be reached yet, however it is realized in the grain boundary zone. The new substructure starts to form in that area, and the transition from one stage to another is dissolved at the dependence σ = f (ε true ). Broadening the number of alloys where the mentioned peculiarities are observed is the issue of the great relevance.
The present research is aimed to define the types of the formed substructures and their connection to the plastic deformation stages considering various grain sizes of Cu-Mn polycrystalline FCC alloys.
Materials and methods
Cu-Mn polycrystalline FCC solid solutions with the mean grain size <d>= 10 and 240 µm were investigated. Mn concentration in the alloys was varied within the range of 10…25 at.%. Flat samples (sized 100×12×2 mm 3 ) were deformed by tension with the aid of Instron testing machine at the velocity of 2•10 -2 s -1 at the temperature of 293 К. Further, the dependences "σ -ε true " were built and the value of the strain hardening coefficient ϴ = dσ/dε true was defined. Samples microstructure deformed up to the various degree of deformation was investigated using Tesla-BS-540 electron microscope, equipped with the goniometer at the accelerating voltage of 125 kV. The obtained experimental data of polycrystalline alloys with the grain size 10 and 240 µm was used for establishing the connection between the strain hardening stages and the dislocation structure.
Results
The dependences σ -ε true and θ -ε true were built for the purpose of defining the deformation stages. For the dependencies σ = f(ε true ) the connection ϴ was found with the type of DSS with various grain size.
Let us consider the dependences of the flow stress and the strain hardening coefficient on the deformation degree for Cu+10 at.% Mn samples with the grain size <d> = 10 and 240 µm. The dependences σ -ε true and θ -ε true for these grain sizes are given in Figure 1a . The analysis of dependence θ -ε true demonstrated the presence of short transition stage π, stages II and IV with almost constant strain hardening coefficient and stage III with the decreasing strain hardening coefficient. Stage II is characterized by the higher value of θ. The values of θ and σ coefficients are higher in the alloy with the grain size of 10 µm. Figure 1b illustrates the dependences σ -ε true and θ -ε true for the alloys Cu+13 at.% Mn and Cu+25 at.% Mn with the grain size of 10 µm. It can be seen from the figure that the stress and strain hardening coefficient are higher in Cu+25 at.% Mn. Let us consider the evolution of dislocation structure with deformation for the alloys in the concentration range 10…25 at.% Mn. Figure 2 presents the sequence of transition of the DSSs types depending on their deformation degree. When the deformation degree is not high (ε true ≈ 0.05) chaotic distribution of dislocations and dislocation accumulation is observed (Fig. 2а) . Dislocation loops given in Figure 2b can seldom be found. Increase in the deformation degree (ε true ≈ 0.15) is followed by occurrence of the rectilinear dislocations where thresholds and responses are observed. This will further lead to the formation of network DSS (Fig. 2c) , and then cellular-network DSS (Fig. 2d) . The increase in the deformation degree is followed by occurrence of disorientation in the substructure, which is characterized by the presence of bending extinction contours [7] [8] [9] [10] (see e.g. Fig. 2e ). Disoriented cellular-network DSS (Fig. 2e ) and fragmented DSS (Fig. 2f ) are observed. It was established that the sequence of transitions of DSSs during the deformation process of Cu+10 at.% Mn -25 at.% Mn alloys is as follows: chaotic dislocations distribution and dislocation accumulations → homogeneous network DSS→ nondisoriented cellular-network DSS → cellular-network DSS with disorientations → fragmented DSS. Result analysis revealed that occurrence of the new type of DSS corresponds to the occurrence of the new stage of strain hardening. The "new" DSS in the areas with increased dislocation density is evolving, and the previous "old one" disappears by the end of the stage. Redistribution of dislocations is followed by the reduction of the stored deformation energy [11, 12] and that is why it is energetically profitable. Thus, each of the stages generally has two types of dislocation substructure: "the new one" and "the old one". Stage II of the deformation is characterized by non-disoriented substructures: homogeneous network and cellular-network DSS. Disorientations start to form only at the end of stage II. The large bulk of the material at the stage III corresponds to the disoriented DSS. Stage IV is characterized by only disoriented DSS: cellular-network with disorientations and fragmented DSS are observed.
Conclusion
The stress-strain dependences and evolution of dislocation substructures were investigated in Cu-Mn polycrystalline solid solutions with the mean grain size <d>= 10 and 240 µm. Mn concentration in the alloys varied within the range of 10…25 at.%. On the dependences σ = f(ε true ) four stages of strain hardening were observed, which varied by the value of the strain hardening coefficient: transition stage (π), stages II, III and the final longstanding stage IV.
The grain size does not influence the amount of the formed stages of plastic deformation; however the values σ and ϴ depend on the grain size. Occurrence of the new stage of deformation hardening is connected to the formation of the new substructure type, where the dislocation density is higher than in the prior DSS. Dislocations redistribution resulting in the formation of the new type of DSS is attributed to the dislocation subsystem tendency to reduction of the stored deformation energy.
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